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Outline 

Exploring and Validating 4DVAR approach 
4DVAR Validation Experiment Settings 
- Assimilation of ground-based GPS data for low latitudes 
- Estimation of ExB drift and wind simultaneously 
- Ionospheric weather conditions 

- TEC comparisons with TOPEX, GIM, and IRI 
- Density comparisons with ionosonde 

Results 

Discussions of Optimization Issues 
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GAtM Grid far Low Latitude 
Simulation Experiments 

Coverage 
- Global in 

longitude: 
A@= 1 5 O  

- +30° in 
latitude: 
A0=3O 

- 120-1500 
km in 
altitude 

km 
- Ah = 80,50 

5000, 

4000, 

3000, 

2000, 

1000. 

E 0. s. 
-1000. 

-2000. 

-3000. 

-4000. 

-5000. 

5 

......... 

......... 

,. ...... 

. . . . . . .  

_._. ..... 

......... 

........ 

...... 

...... 

...... 

. . . . . .  

'000 

GAM Mid-Low Latitude Model Grid with 7104 Elements 
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meter Grid and GPS St 

IGS Global GPS Network (1 2/07/2002) 
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10 degree elevation musk. Subionospheric height u t  450 km. 

Number of stations: 12/07/2002: 3 1 
Observation links: -2240/ hour, sampled at 5-minute epochs 



Wind Perturbation Scale Pattern 
in Altitude Dimension 
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Geophysic I Conditions 

Quiet: 12/07/2002 F 1 0.7= 147, F 10.7a= 1 52, Ap= 1 8 



Assimil tion Results: Cost Function 

Cost Function Comparison x l o6  
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GAIM-GIM Comparison: VTEC 
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Drift Estimation: 12/07/2002 

Ex6 DriR Estimation after 2 Assimilation Cycles 
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Ex6 Drift Estimation after 8 Assimilation Cycles 
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ExB Drift Estimation after 6 Assimilation Cycles 

50 

- Climatology - Estimation 

-100 
0 3 6 9 12 15 18 21 24 

ExB Drift Estimation after 10 Assimilation Cycles 

loo 1 

-100 
0 3 6 9 12 15 I 8  21 24 





............I.... 
............. i ................ 3

 .................... 
j .............. 

*
 I

.
;

 
&

 1: 
;

&
 

'; 

............,. R..: ... > ........... ..i ................... i ........ I ......................... 



TEC Comparisons: 
Test of Penalty Weightings 
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Dynamic I Drivers 
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ExB Drift Estimation after 9 Assimilation Cycles 
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4DVAR Experiments with Ground GPS 

Estimation of ExB drift only 
Estimation of ExB drift and wind simultaneously 
Estimation of production alone and with the other 
drivers to assess the sensibility 
Testing different assimilation cycle lengths 
Testing with and determining regularization 
coefficients with respect to different types of drivers 
Quiet and storm days 



Issues Concerning the 4DVAR Process 

k=l  

Balance of ACL to catch both LT and UT effects 
- Longer ACL for LT patterns 
- Shorter ACL to capture UT variationdeffects 
- Shorter for computing time and operation 
- Overlapping data for more stable solutions and high temporal 

solution requirements 
Determining regularization weighting coefficients 
- Balance between driver and state adjustment 
- With respect to different kinds of parameterddrivers and initial 

- Adjusting initial state too 

- Finer spatial resolutions require a larger number of parameters 

state 

Number of parameters 




